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Brucella suis is the causative agent of brucellosis in swine, rabbits, reindeer, and caribou. 1, 2, 6, 9, 17, 18 Brucella suis has also been reported to infect dogs, horses, humans, and cattle but has been considered a noncontagious disease in nonprimary hosts. 1 The number of B. suis isolates from bovine tissue and/or milk confirmed or identified at the National Veterinary Services Laboratories (NVSL) varied from 5 in 1986 to a high of 15 in 1991. Most of these isolates were from animals in the swamp areas of the southeastern United States, especially southern Florida. A large population of feral swine are located in the same area as the B. suis-infected cattle. Approximately 25% of the feral swine are seropositive for brucellosis. 20 Little information about the disease process produced by B. suis biovar 1 in cattle has been reported. 9, 17 The purpose of this study was to examine the bacterial, serological, and histological effects of B. suis in naturally infected cattle.
Six cows (1-6) naturally infected with B. suis biovar 1 and 1 calf (2A) from cow 2 were obtained from 4 southern Florida counties (Brevard, Hardee, Hendry, and Osceola). Two serologically negative, nonvaccinated cows (7 and 8) and a serologically negative bull (9) were included as control animals to monitor transmission. Six calves (2B, 3A, 4A, 5A, and 6A) were born to the infected cows in the study, and 4 calves (7A, 7B, 8A, and 8B) were born to the control cows during the study. All animals, including the calves, were kept together in an animal biosafety level 2 facility at the NVSL. After 2 years, tissue and serum samples were collected at necropsy from all the animals in the study except for the offspring of the 2 control cows, cultured for Brucella, and tested for Brucella antibodies.
Heparinized blood samples, vaginal swabs, and quarter milk samples were collected from the cattle biweekly and cultured for Brucella. 13 Serum samples and quarter milk samples were evaluated for the presence of Brucella anti-bodies. 3 Placentas were collected and cultured for Brucella at the time of parturition. The following tissues were collected from the cows at necropsy: lymph nodes (pharyngeal, prescapular, mammary or scrotal, parotid, mandibular, bronchial, internal and external iliac, mesenteric, lumbar, and hepatic), mammary gland, spleen, lung, uterus, ovary, kidney, liver, epididymis, and testicle. A portion of each tissue specimen was processed and inoculated on selective media for Brucella, and the remainder was placed in 10% neutral buffered formalin and routinely processed for histopathologic examination. Brucella isolates were identified by the approved methods. 4 Sera were tested for Brucella antibodies by the following tests: card, buffered acid plate antigen (BAPA), complement fixation (CF), mercaptoethanol (ME), standard plate agglutination (SPT), rivanol (RIV), standard tube agglutination (STT), concentration immunoassay (CI), a and particle concentration fluorescence immunoassay (PCFIA). a,3 Sera from the 6 infected cows and 6 of the 7 calves from infected dams were evaluated by the competitive ELISA (c-ELISA). b, 12 Quarter milk samples were tested for Brucella antibodies by the serial Brucella ring test (BRT). 3 Prior to parturition, B. suis biovar 1 was continuously isolated from the milk of all naturally infected cows, except cow 2, for up to 2 years. Isolation of B. suis biovar 1 from cow 2 was intermittent. Brucella suis biovar 1 was isolated from the milk of cow 1 continuously for 2 years and 7 months. With the exception of cows 2 and 5, isolations were made from 1 to several months following parturition. Brucella was not isolated from cows 2 and 5 following parturition. No Brucella was isolated from the vaginal swabs, blood, or placenta of any of the infected cows. Brucella suis biovar 1 was isolated from the mammary gland and the internal iliac lymph nodes of cow 1. Cow 6's calf died at birth due to dystocia, and cow 6 was euthanatized and necropsied 13 days later. Brucella suis biovar 1 was isolated from the mammary gland, the mammary lymph nodes, and the pharyngeal lymph nodes of cow 6. Brucella was not isolated from tissues obtained at necropsy of the 4 remaining natu- rally infected cows. Brucella was not isolated from the tissues of the calves, the milk and tissues of the control cows, or tissues from the bull.
All infected cows were serologically positive on 1 or more of the 10 serological tests ( Table 1) . 19 Cow 1's Brucella antibody titer on all tests was consistently in the reactor range. The SPT results for cow 2 varied from incomplete (I) at 1: 50 to positive (ϩ) at 1:200. Other serological tests were in the reactor range. Eleven days after the birth of a calf, cow 3's serological titer was negative on card, BAPA, SPT, and STT. The titers on the remaining tests were as follows: CF-4ϩ1:80, ME-ϩ1:50, RIV-I1:50, CI-3, and PCFIA-0.117. For the remaining testing periods, cow 3's Brucella antibody titers were in the reactor range except for the SPT, which remained at or below ϩ1:50 excluding 1 time when it was ϩ1:200. Cow 4's Brucella antibody titer was in the reactor range on all tests except 1 negative STT and 1 SPT which was ϩ1:25. Cow 5 was a serologic reactor for all tests except one, for which the SPT was I1:50. Cow 6's antibody titers were consistently in the reactor range except the first SPT which was I1:50. All infected cows and calves (1A, 2A, 2B, 3A, 4A, and 5A), were positive on the c-ELISA and the CI. The 2 control cows, their 4 calves, and the bull remained serologically negative on all tests throughout the study.
The BRT titers for cow 1's milk remained constant at 4ϩ1:2,048 on all quarters and were as high as 3ϩ1: 1,048,576 in the right rear quarter. Cow 2's BRT titers fluctuated between 3ϩ1:8 and 4ϩ1:2,048 in several quarters. The BRT titers for cows 3 and 5 ranged from 3ϩ1:16 to 4ϩ1:2,048. Cow 4's BRT titers were between 4ϩ1:1,024 and 4ϩ1:2,048 for all 4 quarters. Cow 6's BRT titers ranged from 3ϩ1:512 to 4ϩ1:2,048. The BRT titers for the control cows remained negative throughout the testing period.
All calves born to the infected dams except 6A had serologic titers to Brucella after 24 hours of age (Table 2) . A serum sample was collected from 2 calves (1A and 6A) within a few hours after birth. Calf 1A was serologically negative at birth but had a titer approximately 24 hours later. Calf 6A, which died at birth due to dystocia, was serologically and bacteriologically negative. By 38 weeks of age, all calves, except 1A and 4A, were negative on all serologic tests. The CF test was the last test to become negative for all calves. The calves were still nursing at the time that their titers were classified as negative.
Heifer 2B had a calf sired by bull 9 (control). At the time of parturition, 2B's titer was negative on all tests except SPT (ϩ1:25). The calf was serologically negative. Brucella was not isolated from the blood, placenta, or milk.
Tissue and serum samples were collected from the offspring of the infected cows, cultured for Brucella, and tested for Brucella antibodies. Brucella was not isolated from the tissue of the calves. After 2 years, the calves from the infected dams were serologically negative. There were slight reactions on the SPT as follows: 5A was ϩ1:50; 1A, 3A, and 4A were ϩ1:25; and 2B was I1:25.
Histologically, mild to moderate, focal, purulent mastitis was present in at least 1 mammary gland section from cows 1, 4, and 5. Small to moderate focal accumulations of neutrophils were present in alveoli and, occasionally, in the interstitium. Mammary gland sections from cow 6 had moderate numbers of neutrophils, macrophages, and lymphocytes in alveolar spaces and moderate to large focal accumulations of lymphocytes, plasma cells, macrophages, and neutrophils scattered in the interstitium (Fig. 1 ). Moderate to large numbers of neutrophils were present in peripheral and medullary sinuses of supramammary and/or iliac lymph nodes of cows 1, 4, and 5.
Examination of other tissues revealed mild, multifocal, pleocellular, interstitial pneumonia in cows 4, 6, and 7; mild, multifocal, lymphoplasmacytic, interstitial nephritis in cows 3 and 4; and moderate to marked, multifocal, lymphoplasmacytic, interstitial nephritis with few macrophages and rare, multinucleated giant cells in cow 6. Additionally, liver sections from cow 6 had moderate, periportal fibrosis with bile duct hyperplasia and randomly scattered, small foci of necrosis and neutrophils. Except for the mild interstitial pneu-monia in cow 7, sections from cow 2 and the negative control animals were unremarkable.
Serological titers of cattle infected with B. suis cannot be differentiated from titers of cattle infected with B. abortus. Isolation and identification of brucellae are required in order to determine if the cause of the antibody titer is a virulent strain of B. abortus, B. abortus strain 19, or B. suis biovar 1.
The results of this study indicate that B. suis biovar 1 causes a noncontagious condition in cattle. All 6 infected cattle had normal pregnancies and delivered healthy calves; there were no abortions or evidence of infertility. Brucella suis biovar 1 was shed only in the milk, indicating a localization of the organism in the mammary tissue. The 2 control cows and the bull remained serologically and bacteriologically negative throughout the testing period. There was no transmission from infected cattle to nonvaccinated, negative cattle in this study. Larger numbers of cattle are needed to confirm that B. suis is not transmitted from cow to cow.
Only 1 calf (1A) was serologically tested within a few hours after birth and again approximately 24 hours later. The initial serological titer to Brucella was negative, but the second test after 24 hours was positive, indicating passive transfer of antibodies. The titers of all the calves from infected dams decreased to negative during a 4-7-month period. The serological titers observed in the calves were consistent with reported findings in calves born to dams infected with B. abortus. 7 The titers in young nursing calves are reported to be a result of maternal antibodies from the colostrum. 7, 13 The immune responses for calves 1A and 6A agree with the reported findings.
Brucella abortus can be transmitted from dam to calf and cause latent infections. 7, 13 The 4 heifer calves did not show indications of latent infection, but additional investigations need to be done before it is reasonable to conclude that B. suis biovar 1 is not transmitted from dam to calf.
The mastitic lesions in cow 6 were morphologically similar to those observed in B. abortus-infected mammary glands in cattle 11, 16 and goats. 15 The large numbers of neutrophils in peripheral and medullary sinuses of supramammary and iliac lymph nodes from 3 of the cattle were nonspecific lesions indicative of inflammation in the mammary gland areas drained by these nodes. The changes may have resulted from B. suis infection or other causes. Lymph node lesions of B. abortus in cattle. 8, 11, 16 and goats 15 and B. suis in swine 10 usually consist of purulent to granulomatous lymphadenitis. The renal lesions observed in cows 4 and 6 were similar to those reported in B. abortus-infected cattle. 16 Multinucleated giant cells are frequently present in lesions produced by B. suis in swine. 10 The cause of the hepatic fibrosis and bile duct hyperplasia in cow 6 was undetermined. The mild, multifocal, necropurulent hepatitis was suggestive of a bacterial infection.
Brucella suis biovar 1 can naturally infect cattle, although it appears to be a noncontagious disease. 2 The organism is shed in the milk and is a potential health hazard to people working with infected animals and people who consume nonpasteurized milk. 2, 4, 5 Brucella suis biovar 1 is prevalent in feral swine populations in several states including Florida, Texas, and Hawaii. 5, 9, 20 Brucella suis biovar 1 was isolated from 2 feral swine captured on the same premises as cow 1. These feral swine populations are the probable source of infection for cattle.
